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A new class of ultra-high energy molecules, Metastable
Innershell Molecular State (MIMS), in highly compressed ‘‘stellar’’
materials was proposed by the author in 2008 [1] to interpret
the anomalous X-ray signals observed by the author and his col-
leagues in nanoparticle hypervelocity collisions of various targets
at Brookhaven National Lab (BNL) in 1990s [2,3]. Speciﬁcally, to
search for many-body effects beyond the atomic effect in the
highly compressed stellar materials, the author and his colleagues
generated and studied such materials by impacting various bio and
water nanoparticles at hypervelocities (v  100 km/s) on various
targets at BNL [2,3]. In our study, anomalous signals were discov-
ered, when the nanoparticles were directly impacted on and
detected by Si particle detectors that had windows sufﬁciently
thick enough to block the penetration of the nanoparticles
completely. By exploiting the discovered anomalous signals, the
feasibility of generating highly compressed ‘‘stellar’’ matter at
shock pressures on the order of 10 TPa (100 Mbar) with the nano-
particle impact in a non-destructive laboratory setup was proven
[2,3]. However, the nature of the signals and the underlying
physics of their generation mechanism had not been understood
for 15 years.It was not until 2008 that the author was able to unlock the
mystery of the anomalous Brookhaven signals [1] owing to emerg-
ing sciences of the stellar materials [4–8]. In particular, theoretical
studies predicted that Hugoniot curves for shock compression at
pressures above 100 Mbar (10 TPa) of various materials have
strong innershell ionization effects [6,7]. The results were used to
predict that signiﬁcant portions of the shock energy can be
transformed into innershell ionization energy via pressure ioniza-
tion upon shock compression [1]. In 2008, from the result obtained
by Mueller, Rafelski and Greiner [8] for quasimolecules in atomic
collisions at high impact velocity, Winterberg [9] conjectured the
existence of metastable super-explosives that consist of X-ray
emitting high-energy molecules at pressures on the order of
100 Mbar (10 TPa). In the analysis of the BNL signals, the author
discovered that a new class of ultra-high-energy metastable mole-
cules that are bound by inner-shell electrons was responsible for
the signals and named the molecules Metastable Innershell Molec-
ular State (MIMS) [1]. Further, the author proposed [1] that the
nanoparticle hypervelocity impact can generate the abundant
atomic inner-shell ionization via electronically cold shock
compression with pressures exceeding 100 Mbar, thus it may pose
an ideal way of generating and studying and utilizing MIMS and its
highly energy-efﬁcient X-ray generation.
In 2012, the author independently conﬁrmed [10] the BNL
results with buckyball ions (C60+ ) impacting on an Al target in an
independent tabletop apparatus that is orders of magnitude more
compact than that at BNL [2,3]. The study also demonstrated the
potential of scaling up of X-ray generation with nanoparticle
Fig. 1. Proposed schematic potential curve for the K-shell MIMS (K-MIMS) that
radiates into the L-shell MIMS (L-MIMS) by emitting a Ka satellite X-ray photon.
The binding energy and the bond length are also schematically shown. Based on the
proposed strong vibration–ionization interaction, the K-MIMS cooled down by
‘‘boiling-off’’ electrons, thus the ionization channel distribution full-width approx-
imates the binding energy [11,12]. Note that the binding energy is about one order
of magnitude smaller than the Ka X-ray satellite photon energy.
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scaled up to an industrial quantity in a tabletop apparatus [10].
The author also proposed a more elaborated MIMS model homolo-
gous to rare gas excimer molecules and predicted that all elements
in periodic table are subjected to the MIMS formation [10].
In the recent MIMS researches that involve a wide range of X-
ray generation phenomena, the author uncovered [11,12] that
the manifestations of MIMS have existed in extensive experimental
data in the X-ray generating heavy ion collision process by numer-
ous researchers for several decades [13–15]. One of the primary
motivations of these researches was to discover a super-heavy
quasimolecule/quasiatoms with a combined atomic number
exceeding 100, which was predicted to transiently exist and
behave like a transuranium atom that is heavier than a uranium
atom [15]. In the previous papers [11,12], the author proposed that
the quasimolecule is a manifestation of MIMS during the collisional
process, a special circumstance for producing MIMS. After
extensive analyses and theoretical modeling of these data, which
involve a wide range of elements in the periodic table, a successful
integration of the data into the frame of the uniﬁed MIMS model
was demonstrated [11,12]. Thereby, the MIMS discovery was
ﬁrmly established and conﬁrmed for virtually all elements in the
periodic table.
Speciﬁcally, the extensive analyses of the data that relate to
hard X-ray generating collisions have resulted in a universal law
(Z2-dependency) of the binding energy of the homonucleus MIMS
bound by K-shell electrons (K-MIMS) [11,12]. Here Z is the atomic
number of the constituent atoms of the K-MIMS. The author fur-
ther developed a uniﬁed theory to elucidate the Z2-dependent
behavior of the homonucleus K-MIMS, which behaves much like
the helium excimer molecule: He2⁄. The theory also predicted a 1/
Z dependency law for the bond length of the homonucleus K-
MIMS. Based on the MIMS theory the uranium K-MIMS, for
example, is predicted to have a 100 times smaller bond length, a
2000 times larger binding energy, and a 5000 times larger charac-
teristic X-ray energy than the He excimer molecule [12]. The
predicted bond lengths of the bismuth and uranium MIMS are in
excellent agreement with that estimated from the experimental
results by researchers at the GSI Helmholtz Centre for Heavy Ion
Research in Darmstadt, Germany [16,17].
The present paper reports that the model of K-MIMS has been
successfully applied to interpreting the experimental Ka X-ray
satellite data in H+ and He+ ion impact on various solids. The
results of analyses and an intuitive analytical theory based on
the Z-expansion theory for the heteronucleus molecules are
presented.K-shell Metastable Innershell Molecular State (K-MIMS)
According to the MIMS model [1,10–12], a schematic potential
curve for the K-MIMS can be illustrated as in Fig. 1. The exact shape
and the energy level of the potential curve have to be determined
by rigorous ab initio quantum calculations; thus the illustrative
potential curve is only intended to provide an insight into the
genesis and evolution of the MIMS. The model can be applied to
both the homonucleus and heteronucleus K-MIMS as explained
in the following sections.
Fig. 1 schematically illustrates that in the ‘‘electronically-cold’’
highly compressed plasma, a K-shell core ion with a hole, [K1],
collides or compressed together with another core ion without a
hole, [K0], to form a near-dissociative K-MIMS and its excess
energy transforms into the vibration energy. For the H- and
He-K-MIMS, [K0] represents H and He atoms. The vibrationally
hot K-MIMS in the plasma is denoted here by [[K1 + K0]]. Subse-
quently, a pseudo-L-shell forms around the K-MIMS core ion,which goes through a rapid relaxation into the lowest vibrational
state by ionizing (‘‘boiling-off’’) a number of electrons in the
pseudo-L-shell [11,12,18]. If the vibrationally cold K-MIMSwithout
an L-shell hole is denoted by [K1K0L0], the vibrational energy is
quenched by ionizing the bound [K1K0L0] MIMS into a higher ionic
state [K1K0Ln] with n holes in the pseudo-L-shell, where 1 6 n 6 8.
Because the n holes can be distributed among 2s and 2p orbits, the
maximum value of n is 8 [19]. The statistically distributed K-MIMS
decays into the lower L-shell MIMS (L-MIMS), [K0K0L1], by emitting
an X-ray photon, and subsequently the L-MIMS dissociates into
two atomic ions.
Although the overall MIMS process was described with a
Born–Oppenheimer approximation here, the strong coupling
between the vibrational energy and the electrical energy cannot
be modeled with it. Alternatively, a new statistical model for the
vibrational-ionization process was proposed [11,12]. In this model,
the K-MIMS core vibrational states are in thermal equilibrium with
the outgoing ionization channels within a thermal bath formed by
the pseudo L-shell electrons and the K-MIMS core ion. It is hypoth-
esized that the properties of the thermal bath can be approximated
by the properties of a unit cell in a semi-continuous 3-D lattice
[11,12]. In this model, when the vibrational energy and the
ionization energy are on the same order of magnitude, the total
vibrational energy of the thermal bath should be approximately
equal to the dissociation energy of the K-MIMS core, ED, and the
energy can rapidly transform into the ionization energy of the out-
going pseudo L-shell channels with holes via phonons. The
phonons rapidly induce a local thermal equilibrium in the heat
bath via repetitive emission and absorption by the K-MIMS core
ion and the outgoing ionization channel at a temperature of Ti. In
this model, the heat capacity of the K-MIMS thermal bath should
be approximately equal to ED. Thus, ED is given by [20]
ED ¼ DNckBT i ð1Þ
where D is the dimensionality of the system, and Nc is the number
of core ions in a MIMS. Because D = 3 and Nc = 2, ED for the MIMS is
given thus by:
Fig. 2. The statistically corrected experimental data (ﬁlled-in circles) by McWherter
et al. [22] on K-shell satellites of Ca by 0.8 MeV H+ ions, and the analysis results
(solid line) based on the MIMS vibrational ionization model. The insert shows the
original data. The ﬁtting resulted in the binding energy, ED, of the H–Ca K-MIMS to
be 30 eV.
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The vibrational ionization process can be modeled with the
Saha equation [11,12,21], as a function of the relative energy of
the ionization channels against the energy of the lowest channel.
In this case the number of [K1K0Ln] MIMS ions in the heat bath,
In, can be approximated by
In / gng0
1
ðkBT iÞ1:5
exp ðEn  E0Þ
kBT i
 
ð3Þ
where gn and g0 are degeneracy factor of a [K1K0Ln] state and a
[K1K0L0] state, and En and E0 are given by the X-ray energies from
the optical decay of the [K1K0Ln] and [K1K0L0] states, respectively.
Statistically, gn/g0 is proportional to the probability of ionizing n
electrons out of 8 electrons in the pseudo-L-shell and given by
8Cn = 8!/(8  n)!n!.
Analysis of the K-shell X-ray satellites in heavy ion impact on
solids
Extensive experimental and theoretical investigations have
been performed on X-rays generated in ion impact on solids for
several decades [13]. In the previous papers by the author
[11,12], the MIMS model [1,10] was extended and applied to a
wide range of the existing experimental data for Ka X-ray satellites
that show multiple peaks in a narrow spectral envelope located
above Ka line [13]. Two mechanisms for MIMS production were
proposed: (1) shock compression and (2) direct impingement of
H-like core ions onto the target core ions. The Ka satellites of the
target atom, which were generated by heavy ions, such as O+and
Br+ [13], were proposed to mainly result from the ion impact
induced shock compression that produces the homonucleus K-
MIMS of target atoms.
On the other hand, the observed Ka X-ray satellite spectra of the
target atom in impact of light ions, such as H+ and He+, were much
different from those heavy ions [13]; the spectra had fewer peaks
than those with heavy ions. Here, the Ka X-ray satellites, which were
generated by light ions, are proposed to mainly result from the emis-
sion from the heteronucleus K-MIMS that are directly formed during
the collision between projectile ions and target atoms in analogous
to that by the impact of the hydrogen-like U81+ ion with only one
1s electron [12]. In the U ion impact results [12], the X-ray genera-
tion cross section with the U81+ ion that has a hole in the K-shell
was observed to be orders of magnitude larger than that with U ions
without any K-shell hole. It is proposed here that the former U ion X-
ray generation is dominated by the second MIMS production mech-
anism, while the latter by the ﬁrst MIMS production mechanism.
The exemplary analyses of Ka satellite spectra obtained in the
impact of H+ and He+ ions are presented below. To make the expo-
nential factor of the Saha equation (Eq. (3)) prominent as a straight
line, the X-ray satellite data were divided by the statistical/degen-
eracy factor and plotted as a function of the X-ray energy in log–log
graphs in the following analyses. In these graphs, the temperature
of the thermal bath, Ti, manifests as the slope of the straight curve,
and any deviation from the Saha behavior can be easily identiﬁed.
Similar analyses were applied to the homonucleus K-MIMS in the
previous papers [11,12] successfully.
Speciﬁcally, Fig. 2 shows the statistically corrected experimen-
tal data (ﬁlled-in circles) by McWherter et al. [22] on K-shell satel-
lites of Ca by 0.8 MeV H+ ions. The insert shows the original data.
The statistically corrected data were ﬁtted to Eq. (3) without the
degeneracy factor, and the result is shown as a solid line in
Fig. 2. The ﬁtting is excellent, which resulted in a heat bath temper-
ature, Ti, of 5.0 eV. Based on Eq. (2), the binding energy, ED  30 eV.
It is interesting to note that based on the MIMS model, the dif-
ference between the K line energy and the high end cut-off energyof the satellite distribution (KL2) should be close to the MIMS
potential well depth, ED [11,12]. The difference between the K line
energy and the KL2 line energy was 43 eV, considerably larger
than 30 eV, which was obtained from ﬁtting the data to Eq. (3).
This difference was not observed for the homonucleus K-MIMS
[11,12]. Because H is much lighter than the host ion, it is feasible
that the rotational effects become important and that the rota-
tional barrier raises the potential curve above the dissociation
energy. This would result in the existence of a predissociation state
(KL2) above the dissociative limit and the difference. However, the
reason for the difference is currently unknown and a subject of the
future investigation.
The statistically corrected experimental data (ﬁlled-in circles)
by McWherter et al. [22] on K-shell satellites of Ca impacted by
3.2 MeV He+ ions, and the analysis results (solid line) based on
the MIMS vibrational ionization model are presented in Fig. 3.
The satellite line intensity data that were divided (i.e. statistically
corrected) by the degeneracy factor, 8Cn, as a function of the X-
ray energy are given in Fig. 3 as ﬁlled-in circles. The insert shows
the original data. The ﬁtting is excellent and resulted in Ti  7.7 eV
and the binding energy, ED, of the He–Ca K-MIMS was determined
to be 46.2 eV from Eq. (2). The energy difference between the ﬁrst
peak (K) and the last peak (KL3) is about 70 eV that is much larger
than the one obtained from the curve ﬁtting to Eq. (3). The exact
cause for the difference is not understood presently, and is a sub-
ject of future studies. Such difference was not observed in the anal-
yses of the homonucleus K-MIMS [11,12]. Because He is much
lighter than the host ion, it is possible that the rotational effects
become important and that the rotational barrier raises the poten-
tial curve above the dissociation energy. This would result in the
existence of a predissociation state (KL3) above the dissociative
limit and the difference. The same analyses were applied to the
next two examples.
Fig. 4 shows statistically corrected experimental data (ﬁlled-in
circles) on K-shell satellites of Al impacted by 2.0 MeV H+ ions
[23] and 3.2 MeV He+ ions [24], and the analysis results (the solid
line ﬁtted with Eq. (3) without the degeneracy factor) based on the
MIMS vibrational ionization model. The inserts show the original
data. The ﬁttings are excellent and resulted in Ti  2.1 eV for H
and Ti  5.5 eV for He, and the binding energies, ED, of the H–Al
and He–Al K-MIMS were determined to be 12.6 eV and 33 eV from
Eq. (2), respectively. The ED values estimated from the differences
between the KL0 line energies and the high end cut-off energies
Fig. 3. The statistically corrected experimental data (ﬁlled-in circles) by McWherter
et al. [22] on K-shell satellites of Ca Impacted by 3.2 MeV He+ ions, and the analysis
results (solid line) based on the MIMS vibrational ionization model. The insert
shows the original data. The ﬁtting resulted in the binding energy, ED, of the He–Ca
K-MIMS to be 46.2 eV.
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with the values obtained from ﬁtting the data to Eq. (3).
Fig. 5 shows statistically correct experimental data (ﬁlled-in
circles) on K-shell satellites of Ti impacted by 0.8 MeV H+ ions
and 3.2 MeV He+ ions [25], and the analysis results (the solid line
ﬁtted to Eq. (3)) based on the MIMS vibrational ionization model.
The ﬁttings are excellent, which resulted in ion temperatures for
Ti with H+ and He+ impact 6.0 eV and 7.5 eV, respectively. The
binding energies, ED, of the H–Ti and He–Ti K-MIMS were deter-
mined to be 30 eV and 45 eV, respectively from Eq. (3). The ED val-
ues estimated from the differences of the KL0 line energies and the
high end cut-off energies of the satellite distribution are 27 eV
and 50 eV, in agreement with the values obtained from ﬁtting
the data to Eq. (3).
The Z-dependency of the binding energy of heteronucleus K-
MIMS
In the previous papers [11,12], based on the previously pro-
posed MIMS model, a wide range of the homonucleus K-MIMS
binding energies were extracted from the extensive ranges ofFig. 4. Statistically corrected experimental data (ﬁlled-in circles) on K-shell satellites of
results (solid line) based on the MIMS vibrational ionization model. The inserts show the
K-MIMS to be 12.6 eV and 33 eV, respectively.experimental data from He2⁄ excimer to the UAu⁄ K-MIMS (for
2 6 Z 6 92). Because U and Au have similar atomic numbers, it
was assumed that the binding energy of the UAu⁄ K-MIMS was rep-
resented by the atomic number that is a geometric average of U
and Au atomic numbers. The dashed line of Fig. 6 represents these
binding energy data for the homonucleus K-MIMS as a function of
the constituent atom atomic number Z [12].
Fig. 6 shows the binding energies of the homonucleus and het-
eronucleus K-MIMS. The stars represent the He-K-MIMS binding
energies and ﬁlled-in circles represent those of the H-K-MIMS.
The dotted line represents the Z2 dependence curve that connects
the H-K-MIMS binding energy data. For the heteronucleus K-MIMS,
the data were plotted here as a function of Zh (Z of the heavier ions,
or host ions). It seems that the Z-dependency of the binding
energies of the H-K-MIMS is similar to that of the homonucleus
K-MIMS, however, that of the He-K-MIMS is very different from
the others; at low Z, the He-K-MIMS binding energies approach
that of the homonucleus K-MIMS, while, at high Z, they approach
that of the H-K-MIMS.
The overall trends of the binding energies can be understood in
the following way. Here, the heavier atom is deﬁned as a host atom
with an atomic number Zh, and the lighter atom as a guest atom
with an atomic number Zg. Let us deﬁne the binding energy ratio,
RB:
RBðgÞ ¼ EBðZh;gÞEBðZh;1Þ ð4Þ
where g = Zg/Zh, EB is the binding energy of the K-MIMS formed by
two atoms with atomic numbers Zg and Zh, and EB(Zh,1) represents
the binding energy of the homonucleus K-MIMS of atoms with an
atomic number Zh. The RB(g) was calculated from the binding
energies shown in Fig. 6 and plotted as a function of g in Fig. 7.
The binding energy ratio, RB (g), overall decreases as g increases
and ﬂattens around 0.2 with g > 10. It is interesting that the
scattering theory [14] predicted that with g > 10 can be described
by ionic bonding (Coulomb force dominant), while those with
g  1 by covalent bonding (Molecular Orbital dominant). The the-
ory thus predicts that the major shifting of bond electron clouds
from the lighter ion to the heavy ion in agreement with the present
result. Because the net charges of the core ions of the K-MIMS are
positive, the formation of ionic bonding is not permitted, however,
such a shift can weaken the covalent bonding and result in a
decrease in RB(g).Al impinged by 2.0 MeV H+ ions [23] and 3.2 MeV He+ ions [24], and the analysis
original data. The ﬁtting resulted in the binding energies, ED, of the H–Al and He–Al
Fig. 5. Statistically correct experimental data (ﬁlled-in circles) on K-shell satellites of Ti impacted by 0.8 MeV H+ ions and 3.2 MeV He+ ions [25], and the analysis results (solid
line) based on the MIMS vibrational ionization model. The ﬁtting resulted in the binding energies, ED, of the H–Ti and He–Ti K-MIMS to be 36 eV and 45 eV, respectively.
Fig. 6. Binding energies of the homonucleus and heteronucleus K-MIMS. The
dashed line represents the general Z2 dependence curve for the homonucleus K-
MIMS binding energies obtained from various experimental data [11,12]. The ﬁlled-
in stars represent the He-K-MIMS binding energies and ﬁlled-in circles represent
those of the H-K-MIMS. The dotted line represents the Z2 dependence curve that ﬁts
to the H-K-MIMS binding energy data. For the heteronucleus K-MIMS, the binding
energies were plotted here as a function of Zh (Z of the heavier ion, or the host ion).
Fig. 7. Binding energy ratio, RB (g) as a function of g = Zg/Zh. The dotted line
represents the approximate ﬁt of the data with gP 10. The ratio decreases as g
increases and ﬂattens around 0.2 with g > 10. The trend is interpreted to result from
weakening of covalent bonding for large g compared with g = 1 owing to the shift of
the binding electron clouds from the lighter ion to the heavier ion. A similar shift
was predicted in the quasimolecular theory for the X-ray generation by ion
scattering near g  10 [14].
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An intuitive analytical theory has been developed and is
presented here to illuminate the binding energy ratio, RB(g), of
the heteronucleus K-MIMS. In this theory, the homologous molec-
ular characteristics of the K-MIMS are proposed to be determined
primarily by the 1srg2 bonding molecular orbit of the homologous
core molecular ion under the assumption that other effects of
surrounding electrons and atoms can be considered as a perturba-
tion. Then, the K-MIMS core ion can be approximated with a Schro-
dinger equation with two electrons (1 and 2) and two nuclei (A and
B) with Zg (for the lighter ion) and Zh (for the heavier ion) for two
ﬁxed nuclei in the atomic unit within the frame of Born–Oppenhei-
mer approximation. The Hamiltonian for such a system is given by
[26]:
He ¼ 12D1 
1
2
D2  ZhrA1 
Zh
rA2
 Zg
rB1
 Zg
rB2
þ 1
r12
ð5Þ
To extract the Z dependent scaling law, the above parameters
are transformed into rij ¼ .ijZh, where i = A, B or 1, and j = 1 or 2,
g ¼ ZhZg , and D
0
j ¼ DjZ2h . Here qij, k and L are assumed to be slowly
varying functions of Z. Here, EzðRÞ is the total energy, ezðRÞ is the
electronic energy of electrons 1 and 2, rA1, rA2, rB1 and rB2 are the
distances of the electrons 1 and 2 from the nuclei A and B.
Such a scaling transforms Eq. (5) to a hydrogen-molecule-like
Schrodinger equation:
H ¼ 1
2
D01 
1
2
D02 
1
qA1
 1
qA2
 1
g
1
qB1
 1
qB2
 
þ 1
Zh
1
q12
; ð6Þ
where
He ¼ Z2hH ð7Þ
In the frame of a single perturbation Z-expansion, which is
considered to be more valid for Zh > > Zg and can break down for
Zh  Zg, the Hamiltonian takes the form [26]:
H ¼ H0 þ 1Zh H1 ð8Þ
where
H0 ¼ 12D
0
1 
1
2
D02 
1
qA1
 1
qA2
 1
g
1
qB1
 1
qB2
 
; ð9Þ
H1 ¼ 1q12
ð10Þ
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E ¼ Eð0Þ0 þ
1
g
Eð1Þ0 þ
1
Zh
Eð0Þ1 þ
1
gZh
Eð1Þ1 þ
1
g2
Eð2Þ0 þ
1
Z2h
Eð0Þ2
þ OðZ3h Þ; ð11Þ
where E0i with iP 1 is ith order corrections for the atomic state.
Other terms are given in Ref. [26]. Then, the binding energy under
the homologous assumption, EBðZh;gÞ, is given by:
EBðZh;gÞ ¼ nEZ2h: ð12Þ
where n is a constant.
Therefore, large g (g 1) and Zh > > 1,
RBð1Þ ¼ EBðZh;1ÞEBðZh;1Þ ¼
Eð0Þ0
Eð0Þ0 þ Eð1Þ0 þ Eð2Þ0 þ   
¼ E
ð0Þ
0
Eð0Þ0 þ DE0
: ð13Þ
where DE0 ¼
P1
n¼1E
ðnÞ
0 . Therefore, RBðgÞ < 1, when DE0 > 0. Based on
Fig. 7, DE0 for the H-K-MIMS with large Zh is approximately 4 times
of Eð0Þ0 , which is consistent with the breakdown of the Z-expansion
theory in the description of the homonucleus K-MIMS [26].
The present theory thus predicts Z2 dependence of the binding
energy of the H-K-MIMS, however, the Z scaling law of the bond
length of the H-K-MIMS is more complicated than that of the
homonucleus K-MIMS. To the ﬁrst order, similar to the bond length
of the homonucleus K-MIMS [11,12], that of the H-K-MIMS is
predicted to be proportional to 1/Zh, when Zh > > 1. However, the
former is expected to be considerably larger than the latter. The
accurate estimation of the H-K-MIMS bond length is a subject of
the future investigation.
Conclusions
Previously, an intuitive analytical theory to elucidate the under-
lying universal Z-dependency laws of the binding energy and bond
length was developed by the author [12]. The theory revealed that
the homonucleus K-MIMS binding energy has a Z2 dependency,
while its bond length follows the 1/Z dependency law [12]. In this
paper, the model of the K-MIMS has been applied to interpreting
the experimental K-shell X-ray satellite data in H+ and He+ ion
impact on various solids. The binding energies of the heteronucleus
H-K-MIMS and He-K-MIMS have been obtained for Al, Ca and Ti
host-atoms [13]. The binding energy of the H-K-MIMS shows a Z2
dependency similar to that of the homonucleus K-MIMS, however,
the former is smaller than the latter by a factor of 5. The
difference was interpreted based on the Z-expansion theory of
heteronucleus molecules [26].
The successful extension of the MIMS model to a wide range of
the K-MIMS phenomena [1,11,12], and the discovery of the univer-
sal Z-dependent behavior of the K-MIMS conﬁrm that all elements
and their combinations in the periodic table are subjected to the
MIMS formation. The photons that can be generated with MIMS
can cover from VUV to hard X-ray: equivalent photon energies
from tens of eV to 100 keV, thus the MIMS radiation mechanism
can be exploited for the highly energy efﬁcient generation of
unprecedentedly intense X-rays that are presently beyond the
reach of the state-of-the-art X-ray generation technologies.
Therefore, the MIMS phenomena and its energy-efﬁcient genera-
tion methods, such as the hypervelocity nanoparticle impact,potentially open new scientiﬁc ﬁelds: High Energy Molecular
Physics and Chemistry, as well as provide a pathway to practical
utilization of high intensity X-ray beams for a wide range of inno-
vative applications.
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